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(57) ABSTRACT

In an electric power supply control apparatus for a motorin a
hybrid vehicle or an electric vehicle, when a main relay is
switched over from an on-state to an off-state, only one of its
positive-side switch and negative-side switch is turned off to
provide a one-side off-state. Thus the numbers of operations
of its switches are reduced in comparison to a system, in
which both switches are turned off. When a charging relay is
switched over from an on-state to an off-state, only one of a
positive-side switch and a negative-side switch is turned offto
provide a one-side off-state. Thus the numbers of operations
of'its switches are also reduced.
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FIG. 2
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FIG. 7
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FIG. 8
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FIG. 10
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1
ELECTRIC POWER SUPPLY CONTROL
APPARATUS FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on and incorporates herein by
reference Japanese patent application No. 2012-86665 filed
on Apr. 5, 2012.

TECHNICAL FIELD

The present disclosure relates to an electric power supply
control apparatus for a vehicle, which has a motor as a drive
power source for a vehicle and a battery as an electric power
source for the motor.

BACKGROUND

Electric vehicles or hybrid vehicles, which have a motor as
adrive power source for a vehicle, are proposed recently from
the standpoint of social demands of low fuel consumption and
low exhaust emission. JP 2009-27848A discloses one exem-
plary electric power supply control system for a vehicle. This
system is provided with a relay (contactor), which has a
positive-side switch and a negative-side switch, between a
motor and a fuel cell stack. The motor is a drive power source
for a vehicle and the fuel cell stack is an electric power source
for the motor. In this power supply control system, the fol-
lowing control is proposed for improving durability of the
relay. When the relay is switched over to an off-state, both of
the positive-side switch and the negative-side switch are
turned off at different timings with a certain delay therebe-
tween. The order of turning off the positive-side switch and
the negative-side switch is reversed at every predetermined
number of switching operations. Thus arc discharges are gen-
erated when the switches are turned off evenly at the positive
switch and the negative switch.

However, the positive-side switch and the negative-side
switch are turned off with only the certain shift in timing
when the relay is turned off. The number of operations of each
switch is not decreased, because both of the positive-side
switch and the negative-side switch are turned off. It is there-
fore not possible to prolong the period required for the num-
ber of switching operations reaches an allowable upper limit
and to improve durability life of the relay.

SUMMARY

It is therefore an object to provide an electric power supply
control apparatus for a vehicle, which decreases the number
of switching operations of a relay and improves durability
life.

For achieving the above object, an electric power supply
control apparatus for a vehicle, which includes a motor pro-
vided as a drive power source for a vehicle and a battery
provided as an electric power source for the motor, is config-
ured to have a main relay and a relay control unit. The main
relay is provided between the motor and the battery and
includes a positive-side switch and a negative-side switch.
The relay control unit is configured to control the main relay
to a one-side off-state, in which only one of the positive-side
switch and the negative-side switch of the main relay is turned
off, when the main relay is switched over from an on-state to
the off-state.

According to the electric power supply control apparatus,
when the main relay is switched from the on-state to the
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off-state, the main relay is switched to the one-side off-state,
in which only one of the positive-side switch and the nega-
tive-side switch of the main relay is turned to the off-state.
Accordingly, the numbers of operations of the positive-side
switch and the negative-side switch can be reduced in com-
parison to a system, in which both the positive-side switch
and the negative-side switch are switched to the off-state. The
numbers of operations of the switches of the main relay are
reduced and hence the durability life of the main relay is
prolonged.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of an
electric power supply control apparatus will become more
apparent from the following detailed description. In the draw-
ings:

FIG.1is ablock diagram showing an electric power supply
control system for a vehicle according to one embodiment;

FIG. 2 is a diagrammatic illustration showing switching
patterns of power supply modes;

FIG. 3 is a schematic diagram showing a first electric
power supply mode I;

FIG. 4A, FIG. 4B and FIG. 4C are schematic diagrams
showing plural examples of a second electric power supply
mode II;

FIG. 5 is a schematic diagram showing a third electric
power supply mode III;

FIG. 6A, FIG. 6B and FIG. 6C are schematic diagrams
showing plural examples of a fourth electric power supply
mode IV,

FIG. 7 is a flowchart showing a processing routine of
electric power supply control executed in the embodiment;

FIG. 8 is a flowchart showing a processing routine of
starting the second electric power supply mode II;

FIG. 9 is a flowchart showing a processing routine of
starting the third electric power supply mode III; and

FIG. 10 is a flowchart showing a processing routine of
starting the fourth electric power supply mode I'V.

DETAILED DESCRIPTION OF THE
EMBODIMENT

Referring first to FIG. 1, an electric power supply control
system for a vehicle will be described. The vehicle may be, for
example, a plug-in hybrid vehicle or an electric vehicle,
which are chargeable from an external electric power source
provided outside the vehicle.

A motor-generator (motor) 11 and a high-voltage battery
(battery) 12 are mounted in a vehicle and connected via a
positive-side cable 10P and a negative-side cable 10N. The
motor 11 is a drive power source for a vehicle. The high-
voltage battery 12 is an electric power source for the motor-
generator 11. An inverter 14 for air-conditioning and an
inverter 15 for vehicle travel are connected to the high-voltage
battery 12 through a main relay 13. The motor-generator 11 is
connected to the inverter 15 for vehicle travel. In addition, a
DC-DC converter 16 is connected to the high-voltage battery
12 through the main relay 13. An accessory battery (low
voltage battery) 17 is connected to the DC-DC converter 16.
Various electric devices (not shown) are connected to the
accessory battery 17 through an accessory relay (no shown).

The main relay 13 is provided with switches 18 and 19 ata
positive-side (high potential side) and a negative-side (low
potential side), respectively. That is, the switches 18 and 19
are provided in the positive-side cable 10P and the negative-
side cable 10N, respectively. A pre-charge switch 20 and a
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resistor 21 are connected in series to the negative-side of the
high-voltage battery 12 in parallel to the switch 19. When the
main relay 13 is turned on (both positive-side switch 18 and
the negative-side switch 10 are turned on), the switches 19
and 20 at the negative-side are operated in such a manner that
the switch 20 for pre-charging is first turned on, the switch 19
is then turned on and the switch 20 is then turned off. A
smoothing capacitor 22 is connected between the main relay
13 and an electric load (inverters 14, 15, converter 16 and the
like).

A charging device (charger) 26 is connected to an electric
connector 25, which is connected through a charging cable 24
to a commercial electric power source (external electric
power source) 23 provided outside a vehicle. The high-volt-
age battery 12 is connected to the charger 26 through a charg-
ing relay 27 and the main relay 13. The charging relay 27 has
a positive-side switch 28 and a negative-side switch 29 con-
nected to the positive-side cable 10P and the negative-side
cable 10N, respectively. The charging cable 24 is provided
with a cablerelay 32, which is built in the cable 24 and has two
switches 30 and 31 for the positive-side and the negative-side.

Operations of the main relay 13, the charging relay 27 and
the like are controlled by an electronic control unit (ECU) 33.
The ECU 33 is formed primarily of a microcomputer and
performs electric power supply control routines of FIG. 7 to
FIG. 10 as described later so that the electric power supply
mode is switched over among plural power supply modes
(power supply mode 0, first power supply mode I, second
power supply mode II, third power supply mode III, and
fourth power supply mode IV).

[Power Supply Mode 0]

In the power supply mode 0, the main relay 13 is fully
turned off (both the positive-side and the negative-side
switches 18 to 20 are turned off) and the charging relay 27 is
fully turned off (both the positive-side and the negative-side
switches 28 and 29 are turned off). Further, the cable relay 32
is fully turned off (both switches 30 and 31 are turned off). By
further turning off the accessory relay (not shown), all the
electric power sources (high-voltage battery 12, accessory
battery 17 and the commercial power source 23) are in the
off-state in this mode 0.

[First Power Supply Mode I]

As shown in FIG. 3, in the first power supply mode 1, the
main relay 13, the charging relay 27 and the cable relay 32 are
all turned off as in the power supply mode 0 and only the
accessory relay is tuned on. Thus, the accessory battery 17 is
connected to a system in this mode so that the electric power
of'the accessory battery 17 is usable. In any of the first to the
fourth power supply modes 1 to IV, the accessory relay is held
in the on-state.

[Second Power Supply Mode I1]

As shown in FIG. 4A to FIG. 4C, in the second power
supply mode II, the main relay 13 is turned on (both the
positive-side and the negative-side switches 18 and 19 are
turned on) and the charging relay 27 is fully turned off as
shown in FIG. 4C or turned off at only one side (one of
positive-side and negative-side) as shown in FIG. 4A and
FIG. 4B. In addition, the cable relay 32 is fully turned off.
Thus the high-voltage battery 12 and the accessory battery 17
are connected to the system in this mode II so that the electric
power of high-voltage battery 12 and the electric power of
accessory battery 17 are usable.

This electric power supply mode II has the following three
modes, a power supply mode I1(a), a power supply mode I1(b)
and power supply mode II(c), in which the off-states of the
charging relay 27 are different.
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In the power supply mode I1(a) shown in FIG. 4C, both the
positive-side switch 28 and the negative-side switch 29 of the
charging relay 27 are turned off so that the charging relay 27
is fully turned off.

Inthe power supply mode II(b), the positive-side switch 28
and the negative-side switch 29 of the charging relay 27 are
turned on and off, respectively, so that the charging relay 27 is
turned off at only one side, that is, at only the negative-side.

Inthe power supply mode I1(c), the positive-side switch 28
and the negative-side switch 29 of the charging relay 27 are
turned off and on, respectively, so that the charging relay 27 is
turned off at only one side, that is, at only the positive-side.
[Third Power Supply Mode II1]

As shown in FIG. 5, in the third power supply mode 111, the
main relay 13 is turned on and the charging relay 27 is also
turned on with both of the positive-side switch 28 and the
negative-side switch 29 being turned on. Further, the cable
relay 32 is turned on with both of the switches 30 and 31 being
turned on. Thus, all the electric power sources, that is, the
high-voltage battery 12, the accessory battery 17 and the
commercial power source 23, are connected to the system.
Thus in this mode, the high-voltage battery 12 is charged by
the electric power of the commercial power source 23 and the
electric power of the commercial power source 23 and the
electric power of the accessory battery 17 are usable.
[Fourth Power Supply Mode IV]

As shown in FIG. 6A to FIG. 6C, in the fourth electric
power supply mode 1V, the charging relay 27 and the cable
relay 32 are turned on and the main relay 13 is fully turned off
or turned off at only one side. Thus the commercial power
source 23 and the accessory battery 17 are connected to the
system in this mode so that the electric power of the commer-
cial power source 23 and the electric power of the accessory
battery 17 are usable.

This fourth electric power supply mode IV has the follow-
ing three modes, a power supply mode IV(a) shown in FIG.
6A, a power supply mode IV(b) shown in FIG. 6B and a
power supply mode IV(c) shown in FIG. 6C, in which the
off-states of the main relay 13 are different.

In the power supply mode IV(a) shown in FIG. 6 A, both of
the positive-side switch 18 and the negative-side switches 19,
20 ofthe main relay 13 are turned off so that the main relay 13
is fully turned off.

In the power supply mode IV(b) shown in FIG. 6B, the
positive-side switch 18 and the negative-side switches 19, 20
of'the main relay 13 are turned on and off; respectively, so that
the main relay 13 is turned off at only one side, that is, at only
the negative-side.

In the power supply mode IV(c) shown in FIG. 6C, the
positive-side switch 18 and the negative-side switch 20 (or
switch 19) of the main relay 13 are turned off and on, respec-
tively, so that the main relay 13 is turned off at only one side,
that is, at only the positive-side.

According to the above-described arrangement, when the
power supply mode is switched or changed from the third
mode I11 to the fourth mode IV, that is, when the main relay 13
is switched over from the on-state to the off-state, the power
supply mode is switched to the power supply mode IV(b) or
the mode IV(c). Thus, the main relay 13 is switched to the
off-state at only one side, that is, only a part of the switches 18
to 20 of the positive-side and the negative-side is turned off
and the other part of the switched 18 to 20 is not turned off but
maintained in the on-state. As a result, the numbers of opera-
tions of the switches 18 to 20 are reduced in comparison to a
system, in which all of the positive-side switch 18 and the
negative-side switches 19, 20 turned to the off-state.
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Further, when the main relay 13 is turned off at only one
side, one of the positive-side switch 18 and the negative-side
switch 19, 20, which has been operated less number of times,
is selected and turned off. As a result, the numbers of times of
operations of the positive-side switch 18 and the negative-
side switch 19, 20 of the main relay 13 are reduced evenly.

When the power supply mode is switched from the mode
11T to the power supply mode 11, that is, when the charging
relay 27 is switched over from the on-state to the off-state, the
power supply mode is switched from the power supply mode
1I(b) to the power supply mode I1(c). Thus the charging relay
27 is switched to the off-state at only one side. That is, only
one of the positive-side switch 28 and the negative-side
switch 29 is turned off. The number of times of the operations
of'the positive-side switch 28 and the negative-side switch 29
is thus reduced in comparison to a system, in which both of
the switches 28 and 29 are turned off.

When the charging relay 27 is turned off at only one side,
one of the positive-side switch 28 and the negative-side
switch 29, which has been operated less number of times, is
selected and turned off. The number of times of the positive-
side switch 28 and the negative-side switch 29 of the charging
relay 27 is thus reduced evenly.

The power supply mode switching operation described
above is performed by the ECU 33 inaccordance with electric
power supply control routines shown in FIG. 7 to FIG. 10.
Detailed processing of these routines will be described below.
[Electric Power Supply Control Routine]

An electric power supply control routine shown in FIG. 7 is
repeated at a predetermined interval by the ECU 33, which
operates as a relay control unit. When this routine is started, it
is first checked at step 101 whether the charging cable 24 is
connected or a system start request is present. If it is deter-
mined at step 101 that the charging cable 24 is not connected
and the system start request is not present either, the electric
power supply mode 0, which indicates that the power supply
is not necessitated, is maintained and this routine is finished.

If it is determined at step 101 that the charging cable 24 is
connected or the system start request is present, the power
supply mode I start processing is executed at step 102 to
activate the power supply mode I so that the mode is switched
to or maintained at the power supply mode I (FIG. 3). Then,
it is checked at step 103 whether the transition or switching to
the power supply mode I is completed. When it is determined
that the transition to the power supply mode I is completed, it
is checked at step 104 whether a request for using high voltage
power is present.

Ifitis determined at step 104 that the request for using high
voltage power (high voltage battery 12) is present, it is
checked at step 105 whether a start request for the power
supply mode II is present. If it is determined that the start
request for the power supply mode II is present, a power
supply mode II start routine shown in FIG. 8 is executed at
step 106 and the power supply mode is switched to or main-
tained at the power supply mode I1 (FIGS. 4A to 4C). Then it
is checked at step 107, whether a transition to the power
supply mode II is completed. If it is determined that the
transition to the power supply mode Il is completed, step 104
is executed again.

If it is determined at step 105 that the start request for the
power supply mode II is not present, it is checked at step 108
whether a start request for the power supply mode III is
present. If it is determined that the start request for the power
supply mode III is present, a power supply mode III start
routine shown in FIG. 9 is executed at step 109 and the power
supply mode is switched to or maintained at the power supply
mode III (FIG. 5). Then it is checked at step 110 whether a
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transition to the power supply mode 111 is completed. If it is
determined that the transition to the power supply mode I1I is
completed, step 104 is executed again.

If it is determined at step 108 that the start request for the
power supply mode 111 is not present, it is checked at step 111
whether a start request for the power supply mode IV is
present. If it is determined that the start request for the power
supply mode IV is present, a power supply mode IV start
routine shown in FIG. 10 is executed at step 112 and the
power supply mode is switched to or maintained at the power
supply mode IV (FIGS. 6A to 6C). Then it is checked at step
113 whether a transition to the power supply mode IV is
completed. If it is determined that the transition to the power
supply mode IV is completed, step 104 is executed again.

If it is determined at step 104 that the request for using the
high voltage is not present, it is checked at step 114 whether
a request for stopping a system is present. If' it is determined
that the request for stopping a system is not present, step 102
is repeated. If it is determined at step 114 thereafter that the
request for stopping a system is present, electric power supply
mode stop processing is executed at step 115. The power
supply mode is switched to the power supply mode 0 and this
routine is finished.

[Electric Power Supply Mode II Start Processing Routine]|

The electric power supply mode II start processing routine
shown in FIG. 8 is a sub-routine executed at step 106 in the
power supply control routine shown in FIG. 7. When this
routine is started, it is first checked at step 201 whether the
present mode is the power supply mode 1. If it is determined
that the present mode is the power supply mode I, the power
supply mode is switched from the power supply mode I to the
power supply mode Il(a) at step 202. In this transition pro-
cessing from the power supply mode I to the power supply
mode I1(a), the main relay 13 is switched over to the on-state
thereby to switch over the power supply mode from the power
supply mode I to the power supply mode II(a).

If it is determined at step 201 that the present mode is not
the power supply mode 1, it is further checked at step 203
whether the present mode is the power supply mode II (either
one of the modes II(a) to II(c)). If it is determined that the
present mode is the power supply mode 11, the power supply
mode II is maintained and this routine is finished.

If it is determined at step 203 that the present mode is not
the power supply mode 11, it is further checked at step 204
whether the present mode is the power supply mode III. If it
is determined that the present mode is the power supply mode
111, the power supply mode is switched from the mode I1I to
the power supply mode II. In this case, the power supply mode
is switched to the power supply mode I1(b) or II(c), so that the
charging relay 27 is changed to the one-side off-state, in
which one of the positive-side and the negative-side switches
28 and 29 is turned off.

Specifically, it is checked at step 205 whether the number
of'operations CRp of the positive-side switch 28 of the charg-
ing relay 27 is larger than that CRn of the negative-side switch
29. The number of operations is, for example, any one of the
number of turn-off operations, the number of turn-on opera-
tions and the number of turn-on and off operations.

Ifitis determined at step 205 that the number of operations
CRp of the positive-side switch 28 of the charging relay 27 is
larger than that CRn of the negative-side switch 29, that is, the
number of operations CRn of the negative-side switch 29 is
smaller than that CRp of the positive-side switch 28, the
power supply mode is switched from the mode III to the
power supply mode II(b) at step 206. In this transition pro-
cessing from the power supply mode III to the power supply
mode II(b), the charging relay 27 is switched over to the
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one-side oft-state of the negative-side, in which the positive-
side switch 28 is turned on and the negative-side switch 29 are
turned off. The cable relay 32 is fully turned off thereby to
switch over the power supply mode from the mode III to the
power supply mode II(b).

Ifitis determined at step 205 that the number of operations
CRp of the positive-side switch 28 of the charging relay 27 is
equal to or smaller than that CNp of the negative-side switch
29, that is, the number of operations CRp of the positive-side
switch 28 is not larger than that CRn of the negative-side
switch 29, the power supply mode is switched from the mode
1T to the power supply mode II(c) at step 207. In this transi-
tion processing from the power supply mode I1I to the power
supply mode II(c), the charging relay 27 is switched over to
the one-side off-state of the positive-side (the negative-side
switch 29 is turned on and the positive-side switch 28 is
turned oft). The cable relay 32 is fully turned on thereby to
switch over from the power supply mode III to the power
supply mode II(c).

If it is determined at step 204 that the present mode is not
the power supply mode I1I, it is checked at step 208 whether
the present mode is the power supply mode I'V. If it is deter-
mined that the present mode is the power supply mode IV, the
power supply mode is switched from the power supply mode
IV to the power supply mode 11 at step 209. In this transition
processing from the power supply mode IV to the power
supply mode I1I, the main relay 13 is turned on and the power
supply mode is switched from the mode IV to the power
supply mode III.

[Power Supply Mode III Start Processing Routine]

The power supply mode I1I start routine shown in FIG. 9 is
a sub-routine, which is executed in step 109 of the electric
power supply control routine shown in FIG. 7. When this
routine is started, it is first checked at step 301 whether the
present mode is the power supply mode 1. If it is determined
that the present mode is the power supply mode I, the power
supply mode transition processing for transition from the
mode Ito the power supply mode I1(a) is executed at step 302.
In this power supply mode transition processing for transition
from the mode I to II(a), the main relay 13 is switched over to
the on-state so that the power supply mode is transitioned
from the mode I to the power supply mode II(a).

If it is determined at step 301 that the present mode is not
the power supply mode 1, it is further checked at step 303
whether the present mode is the power supply mode II (either
one of the modes II(a) to II(c)). If it is determined that the
present mode is the power supply mode 11, the power supply
mode transition processing from the mode II to the power
supply mode 111 is executed at step 304. In this power supply
transition processing from the mode II to the power supply
mode 111, the charging relay 27 is switched to the on-state and
the cable relay 32 is switched to the on-state thereby to switch
over from the power supply mode 1 to the power supply mode
11

If it is determined at step 303 that the present mode is not
the power supply mode 11, it is further checked at step 305
whether the present mode is the power supply mode III. If it
is determined that the present mode is the power supply mode
111, the power supply mode 111 is maintained and this routine
is finished.

If it is determined at step 305 that the present mode is not
the power supply mode III, it is further checked at step 306
whether the present mode is the power supply mode IV. Ifit is
determined that the present mode is the power supply mode
1V, the power supply mode transition processing from the
mode IV to the power supply mode I11 is executed at step 307.
In this power supply transition processing from the mode IV
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to the power supply mode 111, the main relay 13 is switched to
the on-state to switch over from the power supply mode IV to
the power supply mode II1.

[Power Supply Mode IV Start Processing Routine]

The electric power supply mode IV start processing routine
shown in FIG. 10 is a sub-routine executed at step 112 in the
electric power supply control routine shown in FIG. 7. When
this routine is started, it is first checked at step 401 whether the
present mode is the power supply mode 1. If it is determined
that the present mode is the power supply mode I, the power
supply mode is switched from the power supply mode I to the
power supply mode IV(a) at step 402. In this transition pro-
cessing from the power supply mode I to the power supply
mode 1V(a), the charging relay 27 is switched over to the
on-state and the cable relay 32 is also switched over to the
on-state to transfer from the power supply mode I to the power
supply mode IV(a).

If it is determined at step 401 that the present mode is not
the power supply mode 1, it is further checked at step 403
whether the present mode is the power supply mode II (either
one of the power supply modes II(a) to II(c)). If it is deter-
mined that the present mode is the power supply mode II, the
power supply mode transition processing from the mode I to
the power supply mode III is executed at step 404. In this
power supply mode transition processing from the mode I to
the power supply mode 111, the charging relay 27 is switched
over to the on-state and the cable relay 32 is switched over to
the on-state thereby to switch over the mode from the mode 11
to the power supply mode I11.

If it is determined at step 403 that the present mode is not
the power supply mode 11, it is further checked at step 405
whether the present mode is the power supply mode III. If it
is determined that the present mode is the power supply mode
111, the power supply mode is switched from the mode I1I to
the power supply mode IV at steps 406 to 408. In this case, the
power supply mode is switched to the power supply mode
IV(b) or IV(c), so that the main relay 13 is changed to the
one-side off-state, in which one of the positive-side and the
negative-side switches 28 and 29 is turned off.

Specifically, it is checked at step 406 whether the number
of operations MRp of the positive-side switch 18 of the main
relay 13 is larger than that MRn of the negative-side switch
19. The number of operations is, for example, any one of the
number of turn-off operations, the number of turn-on opera-
tions and the number of turn-on and off operations.

Ifitis determined at step 406 that the number of operations
MRp of the positive-side switch 18 of the main relay 13 is
larger than that MRn of the negative-side switch 19 (or switch
20), that is, the number of operations MRn of the negative-
side switch 19 (or the switch 20) is smaller than or equal to
that MRp of the positive-side switch 18, the power supply
mode is switched from the power supply mode III to the
power supply mode IV(b) at step 407. In this transition pro-
cessing from the power supply mode III to the power supply
mode IV(b), the main relay 13 is switched over to the one side
off-state of the negative-side, in which the positive-side
switch 18 is turned on and the negative-side switches 19, 20
are turned off. The power supply mode is thus switched from
the mode III to the power supply mode IV(b).

Ifitis determined at step 406 that the number of operations
MRp of the positive-side switch 18 of the main relay 13 is
equal to or smaller than that MRn of the negative-side switch
19 (or 20), that is, the number of operations MRp of the
positive-side switch 18 is not larger than that MRn of the
negative-side switch 19 (or 20), the power supply mode is
switched from the mode I1I to the power supply mode IV(c) at
step 408. In this transition processing from the power supply
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mode III to the power supply mode IV(c), the main relay 13 is
switched over to the one side off-state of the positive-side, in
which the negative-side switch 20 (or 19) is turned on and the
positive-side switch 18 is turned off. Thus, the power supply
mode is switched from the mode I1I to the power supply mode
IV(c).

If it is determined at step 405 that the present mode is not
the power supply mode I1I, it is checked at step 409 whether
the present mode is the power supply mode I'V. If it is deter-
mined that the present mode is the power supply mode IV, the
power supply mode IV is maintained and this routine is fin-
ished.

In the above-described embodiment, when the power sup-
ply mode is switched from the mode I1I to the power supply
mode IV, that is, when the main relay 13 is switched over from
the on-state to the off-state, the power supply mode is
switched to the power supply mode IV(b) or the mode IV(c)
thereby to control the main relay 13 to the one-side oft-state,
in which only one of the switches 18 to 20 of the positive-side
and the negative-side is switched over to the off-state.
Accordingly, the number of operations of the switches 18 to
20 can be reduced in comparison to the system, in which both
the positive-side and the negative-side switches 18 to 20 are
controlled to the off-state. The period, in which the number of
operations of the switches 18 to 20 of the main relay 13
reaches an allowable limit value, can be prolonged, and hence
the durability life of the main relay 13 can be prolonged.

When the main relay 13 is controlled to be in the one-side
off-state, one of the positive-side switch 18 and the negative-
side switches 19, 20 of the main relay 13, the number of
operations of which is smaller, is selected and turned off. The
number of operations of the positive-side switch 18 and the
negative-side switches 19, 20 of the main relay 13 can thus be
decreased equally.

When the power supply mode is to be switched over from
the mode I1I to the power supply mode II, that is, when the
charging relay 27 is switched over from the on-state to the
off-state, the power supply mode is switched to the power
supply mode II(b) or the mode II(c) so that the charging relay
27 is switched over to the one-side off-sate, in which only one
of'the positive-side switch 28 and the negative-side switch 29
is turned off. The number of operations ofthe switches 28 and
29 can thus be decreased in comparison to the system, in
which both the positive-side switch 28 and the negative-side
switch 29 are turned off. The period, in which the number of
operations of the switches 28 and 29 of the charging relay 27
reaches an allowable limit value, can be prolonged, and hence
the durability life of the charging relay 27 can be prolonged.

When the charging relay 27 is to be switched over to the
one-side off-state, only one of the positive-side switch 28 and
the negative-side switch 29 of the charging relay 27, the
number of operations of which is smaller, is selected and
switched over to the off-state. As a result, the number of
operations of the positive-side switch 28 and the negative-
side switch 29 can be equally reduced.

The electric power supply control apparatus according to
the above-described embodiment is implemented in a system
(for example, an electric power supply control system for a
plug-in hybrid vehicle or an electric vehicle, which is charge-
able from an outside electric power source), which includes
the external power source connector part 25, the charger 26,
the charging relay 27 and the like. The electric power supply
control apparatus should not be limited to only such an
embodiment, but may be implemented in a system (for
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example, an electric power supply control system for a nor-
mal hybrid vehicle), which does not include the external
power source connector part 25, the charger 26, the charging
relay 27 and the like.

What is claimed is:

1. An electric power supply control apparatus for a vehicle,
which includes a motor provided as a drive power source of a
vehicle and a battery provided as an electric power source for
the motor, the electric power supply control system compris-
ing:

a main relay provided between the motor and the battery
and including a positive-side switch and a negative-side
switch; and

a relay control unit configured to control the main relay to
a one-side off-state, in which only one of the positive-
side switch and the negative-side switch of the main
relay is turned off, when the main relay is switched over
from an on-state to an off-state.

2. The electric power supply control apparatus according to

claim 1, wherein:

the relay control unit is configured to select one of the
positive-side switch and the negative-side switch of the
main relay, the number of operations of which is smaller,
to be turned off, in switching over the main relay to the
one-side off-state.

3. The electric power supply control apparatus according to

claim 1, further comprising:

a charging relay provided between the battery and an exter-
nal power source connector, which is connectable to an
external electric power source provided outside the
vehicle, and including a positive-side switch and a nega-
tive-side switch,

wherein the relay control unit is configured to control the
charging relay to a one-side off-state, in which only one
of the positive-side switch and the negative-side switch
of the charging relay is turned off, when the charging
relay is switched over from an on-state to an off-state.

4. The electric power supply control apparatus according to
claim 3, wherein:

the relay control unit is configured to select one of the
positive-side switch and the negative-side switch of the
charging relay, the number of operations of which is
smaller, to be turned off, in switching over the charging
relay to the one-side oft-state.

5. The electric power supply control apparatus according to

claim 2, further comprising:

a charging relay provided between the battery and an exter-
nal power source connector, which is connectable to an
external electric power source provided outside the
vehicle, and including a positive-side switch and a nega-
tive-side switch,

wherein the relay control unit is configured to control the
charging relay to a one-side off-state, in which only one
of the positive-side switch and the negative-side switch
of the charging relay is turned off, when the charging
relay is switched over from an on-state to an off-state.

6. The electric power supply control apparatus according to
claim 5, wherein:

the relay control unit is configured to select one of the
positive-side switch and the negative-side switch of the
charging relay, the number of operations of which is
smaller, to be turned off, in switching over the charging
relay to the one-side oft-state.
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